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(54) SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low cost 
secondary battery almost producing no environmental 
sanitation problem even if the size is enlarged. 
SOLUTION: This secondary battery has a casing 1; a 
positive electrode 2 using a sodium-based composite 
oxide (such as NaFe02) as an active material housed in 
the casing 1; a negative electrode 3 using a carbon 
material (such as LiC) as an active material housed in 
the casing 1; a separator 4 made of a permeable film 
which shuts out cations and permeates anions housed in 
the casing 1 so as to separate the positive electrode 2 
from the negative electrode 3; a positive electrode side 
electrolyte 5a prepared by dissolving Na-based strong 
electrolyte (such as NaX, X is CI04-, PF6- PF4- etc.) 
in a carbonate-based organic solvent, filled on the 
positive electrode 2 side of the separator 4 within the 
casing 1; and a negative electrode side electrolyte 5b 
prepared by dissolving a Li-based strong electrolyte 
(such as LiX, X is CI04-, PF6- PF4- etc.) in a 

carbonate-based organic solvent, filled on the negative electrode 3 side of the separator 4 
within the casing 1. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Casing and the positive electrode which was arranged in said casing and used Na system 
multiple oxide as the active material, The separator which it is arranged [ separator ] in said casing, 
it is arranged [ separator ] in said casing so that it may divide between the negative electrode which 
used the carbon system ingredient as the active material, and said positive electrode and said 
negative electrode, and a cation is intercepted [ separator ], and makes an anion penetrate, The 
rechargeable battery characterized by coming to have the positive-electrode side electrolyte liquid 
with which said positive-electrode side of said separator in said casing was filled up, and which 
contained Na system strong electrolyte, and the negative-electrode side electrolyte liquid with 
which said negative-electrode side of said separator in said casing was filled up, and which 
contained Li system strong electrolyte. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When especially this invention is applied to large-sized dc-batteries, such as 
an object for stationary energy storage, and an object for electric vehicles, about a rechargeable 
battery, it is effective. 
[0002] 

[Description of the Prior Art] The outline configuration of the rechargeable battery of the 
conventional lithium ion mold is shown in drawing 2 . As shown in drawing 2 , the interior of casing 1 1 
is filled up with electrolyte liquid 15. It is arranged in the interior of casing 1 1 so that positive 
electrodes 12 (for example, LiCo02 etc.) and negative electrodes 13 (for example, LiC etc.) may 
meet mutually. Between the positive electrode 12 inside casing 11, and the negative electrode 13, 
the separator 14 which consists of transparency film which makes ion and an electrolyte penetrate 
is arranged. 

[0003] In such a positive electrode 1 2 and a negative electrode 1 3 of a rechargeable battery, the 
following reactions occur at the time of charge and discharge. 
[0004] 
[Formula 1] 

[At the time of charge] 

LiCo02 ->Lix+Li (1-x) Co02 (positive electrode) 
Lix+C ->l_ix C (negative electrode) 
[At the time of discharge] 

Lix+Li (1-x) Co02 ->LiCo02 (positive electrode) 
Lix C ->Lix+C (negative electrode) 

[0005] That is, while Li is desorbed from a positive electrode 12 at the time of charge and Li is 
inserted in a negative electrode 1 3, at the time of discharge, Li is desorbed from a negative 
electrode 13, and Li is inserted in a positive electrode 12. 

[0006] Thus, in both positive electrode 12 and negative electrode 13, in any [ of charge and 
discharge ] case, with a rechargeable lithium-ion battery, a lithium ion serves as a migration cation. 
In addition, both the separators 14 have prevented the short circuit of a positive electrode 12 and a 
negative electrode 1 3, though both anion and cation are made to penetrate. 
[0007] 

[Problem(s) to be Solved by the Invention] Since it is lightweight while having a high energy 
consistency, a rechargeable battery which was mentioned above is widely used as a dc-battery of 
small electronic equipment. Especially, its merit is high even if it applies a rechargeable lithium-ion 
battery to the large-sized dc-batteries the object for electric vehicles, for stationary energy 
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storage, etc. taking advantage of the above-mentioned description. 

[0008] however, the rechargeable lithium-ion battery was mentioned above — as — a positive 
electrode 12 — LiCo02 etc. — since Co system ingredient [ like ] is used, if it enlarges, cost not 
only becomes high, but will become easy to produce a problem in environmental sanitation. Then, 
although various examination of applying ingredients, such as Mn system and nickel system, to a 
positive electrode is carried out as an ingredient which replaces Co system, since degradation by 
charge and discharge is intense or there are problems, like a manufacturing cost is high, it has not 
resulted in utilization. 

[0009] Since it was such, this invention aimed at offering the low cost rechargeable battery which 

hardly produces a problem in environmental sanitation, even if enlarged. 

[0010] 

[Means for Solving the Problem] The rechargeable battery by this invention for solving the technical 
problem mentioned above Casing and the positive electrode which was arranged in said casing and 
used Na system multiple oxide as the active material, The separator which it is arranged [ separator 

1 in said casing, it is arranged [ separator ] in said casing so that it may divide between the negative 
electrode which used the carbon material as the active material, and said positive electrode and said 
negative electrode, and a cation is intercepted [ separator ], and makes an anion penetrate, It is 
characterized by coming to have the positive-electrode side electrolyte liquid with which said 
positive-electrode side of said separator in said casing was filled up and which contained Na system 
strong electrolyte, and the negative-electrode side electrolyte liquid with which said 
negative-electrode side of said separator in said casing was filled up and which contained Li system 
strong electrolyte. 

[0011] 

[Embodiment of the Invention] The gestalt of operation of the rechargeable battery by this invention 
is explained using drawing 1 . In addition, drawing 1 is the outline block diagram. 
[0012] As shown in drawing 1 , it is arranged in the interior of casing 1 so that the negative 
electrodes 3 (for example, LiC etc.) which used as the active material the positive electrodes 2 (for 
example, NaFe02 etc.) which used Na system multiple oxide as the active material, and a carbon 
system ingredient may meet mutually. As the separator 4 which consists of transparency film which 
a cation is intercepted [ film ] and makes an anion penetrate divides between the positive electrode 

2 inside casing 1, and a negative electrode 3 between positive electrodes 2 and negative electrodes 

3 concerned, it is arranged in it. The positive-electrode 2 side of the separator 4 in casing 1 is filled 
up with positive-electrode side electrolyte liquid 5a which used a Na system strong electrolyte like 
NaX(s) (X=CI04- PF6-, PF4-, etc.) for the organic solvent of carbonate systems, such as ethylene 
carbonate and propylene carbonate. On the other hand, the negative-electrode 3 side of the 
separator 4 in casing 1 is filled up with negative-electrode side electrolyte liquid 5b which used a Li 
system strong electrolyte like LiX(s) (X=CI04- PF6-, PF4-, etc.) for the organic solvent of the same 
carbonate system as ****. 

[0013] In such a positive electrode 2 and a negative electrode 3 of a rechargeable battery, the 
following reactions occur at the time of charge. 
[0014] 
[Formula 2] 

NaFe02 ->Nax+Na (1-x) Fe02 (positive electrode) 
Lix+C ->Lix C (negative electrode) 

[0015] That is, a positive electrode 2 emits Na into positive-electrode side electrolyte liquid 5a r and 
according to the operation to which the separator 4 mentioned emitted Na above, since it exists in 
positive-electrode side electrolyte liquid 5a as ion, without shifting into negative-electrode side 
electrolyte liquid 5b, a negative electrode 3 incorporates Li out of negative-electrode side 
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electrolyte liquid 5b. Here, since Na and Li are the same univalent cations, on a positive electrode 2 
and a negative electrode 3, same Na and same Li of electric equivalence (the amount of ion) come 
to carry out insertion desorption. Therefore, the ion kind in positive-electrode side electrolyte liquid 
5a is Na+. And X - Becoming, the ion kind in negative-electrode side electrolyte liquid 5b is Li+ And 
X - It becomes. 

[0016] In order to maintain charge balance in above-mentioned electrolyte liquid 5a and 5b at this 
time, only an anion moves through a separator 4. That is, in positive-electrode side electrolyte liquid 
5a, while X takes charge of migration of an anion, Na takes charge of migration of a cation, and in 
negative-electrode side electrolyte liquid 5b, while X takes charge of migration of an anion, Li takes 
charge of migration of a cation. Therefore, the rechargeable battery concerned can store the 
electrical and electric equipment. 

[0017] On the other hand, at the time of discharge, the following reactions occur with a positive 
electrode 2 and a negative electrode 3. 
[0018] 
[Formula 3] 

Nax+Na (1-x) Fe02 ->NaFe02 (positive electrode) 
Lix C ->Lix+C (negative electrode) 

[0019] That is, a reaction contrary to the time of charge is produced, a negative electrode 3 emits Li 
into negative-electrode side electrolyte liquid 5b, and according to the operation to which the 
separator 4 mentioned emitted Li above, since it exists as ion in negative-electrode side electrolyte 
liquid 5b, without shifting into positive-electrode side electrolyte liquid 5a, a positive electrode 2 
incorporates Na out of positive-electrode side electrolyte liquid 5a. 

[0020] That is, in a positive-electrode 2 side, Na functions as a cation, and Li functions as a cation 
in a negative-electrode 3 side. 

[0021] Thus, by using for a separator 4 the transparency film which makes only an anion penetrate 
alternatively Though the carbon system ingredient which practicality is proved by the conventional 
rechargeable battery and has the possible layer structure of the insertion desorption of Li is applied 
to a negative electrode 3 as an active material While it was abundant in resource and being low cost, 
hardly producing a problem also in environmental sanitation and making the stable layer structure to 
the charge and discharge of Na, Na system multiple oxide which can be manufactured easily was 
applicable to the positive electrode 2 as an active material. 

[0022] Since Li takes the most **** oxidation reduction potential in the metallic element which 
exists on the earth here and Na takes the **** oxidation reduction potential which ranks second to 
Li, the rechargeable battery which has the positive electrode 2 and negative electrode 3 which were 
mentioned above can take high electromotive force, and can be made highly efficient by low cost. 
[0023] Therefore, since according to such a rechargeable battery a problem can be acquired by low 
cost in environmental sanitation, without hardly being generated even if it enlarges, it is applicable to 
the large-sized dc-batteries the object for electric vehicles, for stationary energy storage, etc. 
[0024] 

[Effect of the Invention] The positive electrode which the rechargeable battery by this invention was 
arranged in casing and said casing, and used Na system multiple oxide as the active material, The 
separator which it is arranged [ separator ] in said casing, it is arranged [ separator ] in said casing 
so that it may divide between the negative electrode which used the carbon material as the active 
material, and said positive electrode and said negative electrode, and a cation is intercepted [ 
separator ], and makes an anion penetrate, The positive-electrode side electrolyte liquid with which 
said positive-electrode side of said separator in said casing was filled up and which contained Na 
system strong electrolyte, Since it comes to have the negative-electrode side electrolyte liquid with 
which said negative-electrode side of said separator in said casing was filled up and which contained 
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Li system strong electrolyte, at the time of charge It remains as ion in positive-electrode side 
electrolyte liquid, without a positive electrode's emitting Na into positive-electrode side electrolyte 
liquid, and emitted Na shifting into negative-electrode side electrolyte liquid according to the 
above-mentioned operation of a separator. While a negative electrode incorporates Li out of 
negative-electrode side electrolyte liquid, at the time of discharge Produce a reaction contrary to 
the time of charge, and a negative electrode emits Li into negative-electrode side electrolyte liquid. 
Since it exists as ion in negative-electrode side electrolyte liquid and a positive electrode 
incorporates Na out of positive-electrode side electrolyte liquid, without emitted Li shifting into 
positive-electrode side electrolyte liquid according to the above-mentioned operation of a 
separator, even if it enlarges, a problem can be acquired by low cost in environmental sanitation, 
without hardly being generated. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the gestalt of operation of the rechargeable battery by 
this invention. 

[Drawing 21 It is the outline block diagram of the conventional rechargeable battery. 
[Description of Notations] 

1 Casing 

2 Positive Electrode 

3 Negative Electrode 

4 Separator 

5a Positive-electrode side electrolyte liquid 
5b Negative-electrode side electrolyte liquid 
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